This paper examines the effects of return spillovers from regional (Saudi Arabia) and global (US) markets to GCC stock markets (Bahrain, Oman, Kuwait, Qatar, United Arab Emirates). The paper develops various bivariate GARCH models for regional and global returns: BEKK, constant correlation and dynamic correlation. The specification tests are used to choose between the models with and without asymmetric effects. The estimated innovations for the regional and global returns are then used as input for the univariate volatility spillover model which allows the unexpected returns of any particular GCC stock market be driven by three sources of shocks: local, regional from Saudi Arabia and global from US. We find significant return spillover effects from Saudi Arabia and US to GCC markets. Trade, turnover and institutional quality has significant impacts on regional volatility spillovers from Saudi Arabia to GCC markets. There are macroeconomic policy implications associated with the strengthening of intra-regional and cross-border trade in goods, services and assets and regulatory framework.
Introduction
During the past 20 years, GCC countries have gone through a period of important steps to improve economic and monetary integration towards establishing a single market, and forming monetary union at a certain stage. In addition, significant progress has been made in strengthening and deepening the various GCC financial markets 1 . As emerging markets mature and become increasingly integrated with global markets; their sensitivity to the volatility spillovers of stock markets increases, their portfolio diversification ability decreases and they become more vulnerable to external shocks. This study focuses on the impact of regional and global volatility spillovers to frontier GCC markets 2 .
The study is primarily motivated by several reasons. First, GCC stock markets are classified as frontier markets 3 due to a number of market and institutional issues including liquidity, lack of effectiveness of their delivery versus payment settlement system, ownership limits on foreign investments, etc. GCC markets are frontier markets in which regional factors dominate global factors (Balcilar et al., 2013) . Most previous studies on mean and volatility spillovers focus on how a single international market influences GCC stock markets but do not distinguish regional versus global market factors. This study distinguishes volatility spillovers from regional (Saudi Arabia) and global (US) market to GCC markets. There has not been any study that focuses on volatility spillovers from Saudi Arabia as a regional market and US as a 1 GCC markets account for 40% and 23% of global proven oil and gas reserves respectively; sovereign wealths are estimated to be more than US$ 1 trillion in size and financial systems dominated by commercial banks (Espinoza et al., 2011) . 2 Marashdeh and Shrestha (2010) state that GCC markets are not fully integrated and these markets are not integrated with the developed markets as represented by the United States and European markets. The findings imply that there is a more profitable opportunity of portfolio diversification between the GCC and the developed countries than between the more integrated GCC markets. 3 All GCC markets are frontier markets which aspire to be upgraded to the emerging market status as defined by the MSCI index provider.
global market on GCC stock markets. Second, understanding the sources of volatility is critical for providing important insight into the process of monetary and financial integration. In imperfectly integrated markets, regional factors are important in shaping their policy decisions and developing various regulatory requirements, like capital requirements or capital controls. Third, findings of this study can provide useful information for GCC central banks and policy makers regarding monitoring stock markets stability, development and coordination of the monetary policies in the on-going integration process. Fourth, fundamental contagion occurs as a result of greater economic and stock market integration and disseminate through trade and stock market integration (Neaime, 2012) 4 . We analyse the impact of trade and stock market integration variables (turnover, inflation, domestic credit, oil production, institutional quality) on volatility spillovers from Saudi Arabia to GCC markets.
Most of the studies on GCC stock markets have focused on the investigation of the first moment interaction among GCC countries, the integration with other developed markets such as US, the market efficiency and the impact of oil volatility on stock market returns. To our knowledge, no study has explored the impact of spillovers from global (US) and regional (Saudi) stock markets to GCC stock markets.
The paper studies the effects of volatility spillovers from the US and Saudi stock market to GCC stock markets; Bahrain, Kuwait, Oman, Qatar, and the UAE. By considering innovations from the Saudi and US markets as regional and global shocks respectively, we analyze how much of the return volatility of any particular market in the GCC is driven by a global factor and how much is left to be explained by a regional one.
This study makes a methodological contribution. In order to investigate the volatility spillover effects from Saudi Arabia and the US to the GCC stock markets, we construct a bivariate GARCH(1,1) (constant correlation model, dynamic correlation model, BEKK model) for the Saudi Arabia and US returns. We then conduct specification tests to check whether the bivariate models are correctly specified and to compare their overall performances. The estimated innovations for the Saudi Arabia and US are then used as input in the univariate volatility spillover model for the GCC stock markets. Accordingly, we examine the magnitude and changing nature of spillovers from Saudi Arabia and US to five GCC markets.
The paper tries to answer the following questions: (i) What are the magnitude and changing nature of return spillovers from Saudi Arabia and US to GCC stock markets? (ii) What are the policy implications deriving from the findings regarding monitoring stock markets stability? (iii) What are the determinants of volatility spillovers from Saudi Arabia to GCC markets?
The paper is structured as follows: Section 2 provides the literature review.
Section 3 describes the data on the six GCC stock markets, together with US, and offers some descriptive statistics. Section 4 discusses the econometric models of volatility spillovers and the specification tests, and section 5 reports the empirical results. Finally, section 6 concludes and provides policy implications.
Literature Review
The literature comprises of a number of alternative frameworks of ARCH and GARCH models (Engle (1982) , Bollerslev (1986) , Glosten et al (1993) , Engle et al (1987) , Bollerslev et al (1988) , Bollerslev (1990) , Engle and Kroner (1995) and Engle (2002) ). GARCH models are now commonly used to model and analyze changes in the volatility of financial asset (Hamao et al (1990) , Lin et al (1994) , Susmel and Engle (1994) , Choudhry (1996) , Bekaert and Harvey (1997) , Kanas (1998) , Christofi and Pericli (1999) , Ng (2000) , Fratzscher (2002) , Kim and In (2002) , Baele (2005) , Mukherjee and Mishra (2008) , Beirne al et. (2010) , Chiang et al. (2013) , Zheng and Zuo (2013) ).
We review studies on MENA and GCC region using GARCH type modeling. Abraham and Seyyed (2006) examine the flow of information among the Gulf stock markets of Saudi and Bahrain and find asymmetric volatility spillovers from the smaller but accessible Bahrain market to the larger but less accessible Saudi market. Hammoudeh and Choi (2007) use the univariate GARCH model with two volatility regimes of Markov switch to examine the volatility behaviour for the transitory and permanent components of each GCC stock markets. Malik and Hammoudeh (2007) examine the volatility and shock transmission mechanism among US equity, global crude oil market, and equity markets of Saudi Arabia, Kuwait, and Bahrain. In all cases, Gulf equity markets receive volatility from the oil market but only in the case of Saudi Arabia they find a significant volatility spillover from the Saudi market to the oil market. Hammoudeh and Li (2008) investigate sudden changes in volatility for five GCC stock markets using the iterated cumulative sums of squares algorithm, and analyze their effects on the estimated persistence of volatility. They find that GCC stock markets are more sensitive to major global factors than to local and regional factors. Yu and Hassan (2008) apply the EGARCH-M models with a generalized error distribution. They find large and predominantly positive volatility spillovers and volatility persistence in conditional volatility between MENA and world stock markets. They find volatility spillovers within the MENA region to be higher than cross-volatility spillovers for all the markets. Hammoudeh et al. (2009) 
Data Description
The data employed are weekly 5 equity indices in terms of US dollars We use Saudi Arabia as a regional market since it is the largest stock market in terms of market capitalization in the GCC. In terms of the size of the GCC markets, half of the volume is concentrated on Saudi stock market. Even more extremely, more than 80% of all share trading in terms of value takes place in Saudi Arabia (Kern, 2012) 8 . 5 We use weekly returns to avoid the problems of non synchronous trading and the day of the week effects associated with daily data. Since the stock returns have more attractive statistical properties than prices, such as stationary and periodicity, we use continuously compounded weekly stock returns for all the stock market indices. 6 We use the US dollar denominated return to eliminate impact of exchange rates and to ease the comparison across countries. 7 The MSCI Emerging Markets Index is a free float-adjusted market capitalization index that is designed to measure equity market performance in the global emerging markets. reported for all stock market returns which imply that there is a high peak at the centre of the returns and the distribution of returns has fatter tails than a normal distribution.
Ideally, for the distribution to be symmetrical or normal, skewness should be very close to zero and kurtosis equal to 3.
The Model
In this paper, we aim to analyze how much of the return volatility of any particular market in the GCC is driven by global factor (US) and how much is left to be explained by regional factor (Saudi Arabia). Bekaert and Harvey (1997) develop a model which allows the impact of world and local factors on volatility to be time varying. Ng (2000) employs the same approach but extends into a two factor model in which unexpected returns on any particular market are influenced not only by news impact effect from home but also by two foreign shocks; a regional shock and a global shock. In this section, we allow three sources of unexpected returns to affect GCC stock markets: a domestic shock, a regional shock from Saudi Arabia, and a global shock from the US. In this section, we construct bivariate GARCH(1,1) models for the Saudi Arabia and US returns. We also present univariate volatility spillover models for five GCC stock markets. Further, we discuss the estimation procedure and the specification tests.
Bivariate model for the Saudi Arabia and US
The joint process for Saudi Arabia and US returns in bivariate GARCH (1,1) model is: Standard GARCH models assume that positive and negative error terms have a symmetric effect on the volatility. In other words, good and bad news have the same effect on the volatility. This assumption which is known as leverage effect (Black, 1976 ) is frequently violated, in that the volatility increases more after bad news than after good news, i.e., volatility is higher after negative shocks than after positive shocks of same magnitude. To allow for leverage effect on volatility in the conditional variance t H , GJR-GARCH model which is proposed by Glosten et al. (1993) is used to extend symmetric models to allow for asymmetry. We examine three different bivariate specifications for the conditional variance-covariance matrix t H with and without asymmetric effects: (1) a constant correlation model, (2) a dynamic correlation model, and (3) a BEKK model.
Bivariate Constant Correlation Model (CCC):
The constant correlation model is derived by Bollerslev (1990) in which the conditional correlations are constant and thus the conditional covariances are proportional to the product of the corresponding conditional standard deviations. The conditional variance-covariance matrix is given by:
where R is a symmetric positive definite matrix of time-invariant unconditional correlations of the standardized residuals, 
Following Glosten et al. (1993) to allow for asymmetric effects, the univariate GARCH model is: ε . This means good news ( t ε > 0 ) has an impact of a , while bad news ( t ε < 0) has an impact of γ a + , i.e., volatility increases more in response to a negative t ε than to a positive t ε .
Bivariate Dynamic Correlation Model (DCC):
Engle (2002) 
(
The dynamic correlation estimator for bivariate DCC model is: Engle and Kroner (1995) , and Kroner and Ng (1998) propose the BEKK model:
where C, A and B are n n × matrices of parameters, and C is a upper triangular matrix. BEKK are expressed in quadratic forms to ensure that the t H matrix is positive definite. The purpose of decomposing the constant term into a product of two triangular matrices is also to guarantee the positivity of t H ; 0 > ' C C is symmetric and positive definite. The bivariate BEKK model is: To allow for asymmetric effects following Glosten et al.(1993) , we extend the conditional variance matrix t H in the symmetric version of the BEKK by adding
Univariate volatility spillover model
Following Bekaert and Harvey (1997), we allow innovations in Saudi Arabia and the US to effect the stock return of a GCC market through the error term. We use asymmetric volatility spillover model which allow the return of each GCC market be driven by a local shock, a regional shock, and a global shock. To capture the leverage effect found in the returns of many stock indices, and to avoid imposing nonnegativity restrictions on the values of the GARCH parameters to be estimated, we employ the exponential GARCH (EGARCH) representation developed by Nelson (1991) where conditional variance depends on both the sign and the size of lagged residuals. The model explicitly is capable of capturing any asymmetric impact of shocks on volatility. In addition, this model allows volatility to be affected differently by good and bad news.
The univariate volatility spillover model for each GCC market i is specified to allow for the past Saudi and US returns in the mean equation of market i and for the current return shocks of Saudi and the US in the unexpected return: 
The variance is conditional on its own past values as well as on past values of the standardized innovations We differentiate between the relative influence of the US and Saudi Arabia on the GCC markets because there exists a possibility of common news driving both the Saudi Arabia and US markets. We orthogonalize the innovations from the aggregate Saudi Arabia market and the US using their standardized residuals from the bivariate model estimation in the first step. The innovations from Saudi Arabia and the US are orthogonalized by assuming that the Saudi Arabia return shock is driven by a purely idiosyncratic shock and by the US return shock. The orthogonalized Saudi Arabia and US innovations, Under this orthogonalization procedure, the regional shock (Saudi) is unrelated to the global shock (US).
Estimation and Specification Tests

Estimation
We examine the magnitude and changing nature of return spillovers from Saudi and the US to five members of GCC stock markets. First, we estimate the three bivariate models outlined in section 4.1 for the US and Saudi returns. We estimate both the symmetric and asymmetric case for each different bivariate model. In the second step, conditional on the estimates for Saudi and the US and assuming that the purely idiosyncratic shocks are normally distributed with mean zero and a timevarying variance, we estimate the univariate EGARCH model outlined in section 4.2 for each GCC stock market by maximizing the loglikelihood function.
Given T observations of the return vector, the parameters of the different bivariate GARCH models are estimated by maximizing the conditional loglikelihood function:
where f θ denotes the vector of all the parameters to be estimated. Non-linear optimization techniques are used to calculate the maximum likelihood estimates based on the Broyden, Fletcher, Goldfarb, and Shanno (BFGS) algorithm 9 .
Specification Tests
In order to check whether the bivariate models are correctly specified and to compare their overall performances, we follow Richardson and Smith (1993) approach to test for orthogonality conditions implied by a bivariate normal 9 See Press et al. (1988 
where equations (26) and (29) test for skewness and excess kurtosis, respectively.
Equations (27) and (28) 
Arellano-Bover/Blundell-Bond Estimation
We investigate impact of trade, turnover, GDP per capita, domestic credit, inflation and institutional quality variables (control of corruption and regulatory quality) on volatility spillovers from Saudi Arabia. To deal with basic problems of endogenity between variables the regression equation will be based on the ArellanoBover/Blundell-Bond linear dynamic panel-data estimation. Building on the work of Arellano and Bover (1995), Blundell and Bond (1998) 
Empirical Results
Specification tests of bivariate models
The main objective of this study is to investigate how shocks from Saudi and US market are transmitted to individual GCC stock markets. It is, therefore, important to correctly specify the bivariate model for the Saudi and US return series. of past innovations on current volatility (ARCH effect), is negative and statistically significant for all GCC stock market returns indicating that a leverage effect exists, except in Oman, which is close to significant. This implies changes in stock prices tend to be negatively correlated with changes in volatility, i.e., volatility is higher after negative shocks than after positive shocks of same magnitude.
The skewness and kurtosis measures indicate that standardized residuals for all five GCC stock markets exhibit deviations from normality. Finally, all the estimated Ljung-Box statistics for the standardized and squared standardized residuals indicate that the univariate EGARCH models with spillover effect variables are correctly specified, including these variables in the EGARCH function produce a better specification.
[INSERT TABLE 4]
As shown in table 4, the local spillover effects of past own shocks for each GCC stock market are significant in Bahrain, Kuwait, Oman, Qatar and the UAE stock markets pointing to a strong ARCH effect. The highest size of the ARCH coefficient is 0.334 for Bahrain, and the smallest ARCH coefficient is 0.159 in Kuwait. The average size of the ARCH coefficient is 0.266. Result shows that the current conditional volatility of GCC stock markets depends on past shocks affecting return dynamics since ARCH coefficients are highly significant for all countries.
The GARCH estimated coefficients are all significant, suggesting persistence in volatility in all the five GCC stock markets. The degree of volatility persistence is quite close to 1 for each stock market implying that shocks to conditional variance take a long time to die out. Specifically, volatility persistence ranges from 0.929 in Bahrain to 0.984 in Kuwait. This finding suggests that past values of the conditional volatility in a particular GCC stock market can be employed to forecast future volatility.
[INSERT FIGURES 1.1 to 1.5]
The return spillover coefficients form the regional (Saudi) and global (US) markets are significant to each GCC stock markets. The magnitude of spillover coefficients from the regional (Saudi) market to each GCC market varies, with the coefficients of spillovers from global (US) being comparatively stable and in similar range, implying that investors are rewarded for bearing regional market risk more than bearing global market risk.
In terms of regional effects in the five GCC stock markets, the parameters of spillover effect from the regional market (Saudi) to each GCC market is significant and positive 10 almost in all cases except it is not significant in Kuwait and it is negative in Bahrain. The parameter magnitude of regional past shocks is on average 0.347, but shows considerable variation cross GCC stock markets; 0.045 for Kuwait and 1.826 for the UAE. This is in accordance with Neaime (2012) who finds that Saudi Arabia has causal effects in both the mean and variance for UAE and Kuwait markets. The result suggests that effect of past shocks from regional market (Saudi) do have important return spillover effects in each of local GCC stock market. This finding emphasizes the need to strengthen cross border regulation framework to strengthen domestic assets stability. Furthermore, the persistence of volatilities from regional market (Saudi) is significant in all GCC stock markets except Kuwait. This result suggests that adverse events in Saudi economy has regional spillover effects in GCC markets. This may reflect the degree of foreign participation which is almost the highest in the UAE among all GCC markets (Sedik and Williams, 2011) 11 .
[ information on foreign markets through trade in goods. Mishra (2007) and Lane and Milesi Feretti (2008) state that bilateral equity investment is strongly correlated with the underlying patterns of trade in goods and services.
Determinants of Volatility Spillovers from Saudi Arabia to GCC economies [INSERT TABLE 5]
Turnover is total value of shares traded during the period divided by the average market capitalization during the period. Turnover is from Standard & Poors
Global Stock Market's Factbook. Turnover variable appears to be positive and significant implying that GCC markets share more information as value of share trading relative to stock market capitalization increases. GDP per capita is gross product divided by mid-year population. GDP per capita is from World Bank's World Development Indicators. GDP per capita is positive and significant implying tendency of GCC countries to engage in international asset trade, leading to information sharing among markets. Higher GDP per capita is associated with lower risk aversion and the international asset trade is perceived as riskier than domestic trade; this may also raise international asset trade. Inflation appears to be negative and significant indicating that GCC stock markets share more information in low-inflation environment. Control of corruption index focuses on the measure of corruption within the political system, the rate of severity of corruption within the state, the intrusiveness of the country's bureaucracy, corruption among public officials etc.
Regulatory Quality consists of indicators related to the regulations of exports, 13 The linkages between GCC and Saudi Arabia's economy are via trade and financial markets (IMF Country Report 12/271). In 2012, Saudi Arabia's export in US$ million was highest in Bahrain (5294.87) followed by UAE (4260.17), Qatar (2171.25), Kuwait (1954.49) and Oman (1027.45) . In terms of Saudi Arabia's imports in US$ million, the highest import was from UAE (3531.2), followed by Bahrain (1292.9), Oman (657.99), Kuwait (504.17) and Qatar (129.16).
imports, business ownerships, equities ownerships, banking, foreign investment, price controls, tariffs, unfair competitive practices etc. Control of corruption and regulatory quality are governance variables from World Bank's Worldwide Governance Indicators (www.govindicators.org). Control of corruption and regulatory quality variables are positive and significant implying more information sharing among GCC stock markets in good regulatory environment.
Conclusions
This paper examines the spillover effects from (global) US and the regional (Saudi) to the five GCC stock markets; namely Bahrain, Kuwait, Qatar, Oman and UAE. We use MSCI weekly stock market indices data from June 2005 to May 2013.
We employ the EGARCH model to account for asymmetries in the spillover volatility transmission mechanism. The leverage effect parameter, or asymmetric impact of past innovations on current volatility, is negative and statistically significant for all GCC stock market returns indicating that a leverage effect exists. We find local spillover effects to be statistically significant in all five stock markets pointing to a strong ARCH effect. The regional spillover effects from Saudi Arabia to each GCC market are found to be positive and significant in four GCC markets (Kuwait Oman, Qatar, UAE); and negative and significant in Bahrain. The global spillover effects from global market (US) is highly significant and positive for all five GCC markets. The regional spillover effects in Qatar and UAE are greater in magnitude as compared to global spillover effects in these markets.
We also investigate the determinants of volatility spillovers from Saudi Arabia to GCC markets. We find that trade, GDP per capita, institutional quality variables (control of corruption and regulatory quality) have positive and significant impact;
and inflation is found to have a negative and significant impact on volatility spillovers from Saudi Arabia. Our research findings have macroeconomic policy implications.
First, we recommend that GCC markets should increase intra-regional and cross border trade by providing monetary and fiscal incentives to trading partners and devising policies aimed at lifting trade and capital flow barriers. This would increase financial development and spur growth. Second, GCC economies should aim at development of their financial sectors. A well established GCC regional financial stock and bond market would reduce huge costs associated with servicing the accumulated public debt, lower the cost of raising capital, allow companies to increasingly rely on local markets rather than the world market. Third, we recommend that investors may focus on volatility trading and construct their portfolios using hedge ratios to minimize risk. This will enable investors to trade depending on market movement of underlying equities. Fourth, we also recommend that regulatory policies in markets should focus on cross border coordination and supervision among GCC countries to minimize adverse spillover effects. Although a few GCC countries already enforce best international practices on the regulation and supervision of capital markets, others are in the process of strengthening their frameworks. Fifth, GCC stock markets should position themselves globally through strategic partnerships and mergers, foreign institutional investments, cross listing of firms, corporatisation of exchanges and introduction of private ownership. This will enable adoption of higher governance standards by exchanges and send positive signal to listed companies. For instance, Saudi Arabia should improve and liberalize its current account, and promote greater integration with the world financial markets. Saudi
Arabia's stock market lacks transparency and there is huge government ownership in listed companies (Neaime, 2012) . Sixth, GCC economies are dependent mainly on oil resources. We recommend that GCC economies should continue their diversification efforts towards services and industrial sectors. This will reduce their vulnerability to external shocks due to oil and oil related products.
Policy makers need to take into account for the transmission channels through which global shocks impact the local economy. The size and impact of future external shocks and their persistence in GCC stock markets will depend on the future policies and to prevent transmission of shocks in domestic economies. This may require financial market, monetary and fiscal reforms. b is the measure of volatility presistence. θ is the measure of the leverage effect. LB(5) and LB 2 (5) are the Ljung-Box statistics applied on the standardized and squared standardized residuals respectively. t-statistics in parentheses. *,**,*** indicate significance at 1, 5 and 10 percent, respectively. Trade is sum of exports and imports as percent of GDP. Turnover is total value of shares traded during the period divided by the average market capitalization during the period. GDP per capita is gross product divided by mid-year population. Domestic credit is domestic credit provided by banking sector as percent of GDP. Oil production is natural log value of world crude oil production by country in terms of 1000 barrels per day. Inflation is measured by the consumer price index and reflects the annual percentage change in the cost to the average consumer of acquiring a basket of goods and services that may be fixed or changed at specified intervals, such as yearly. Control of corruption index focuses on the measure of corruption within the political system, the rate of severity of corruption within the state, the intrusiveness of the country's bureaucracy, corruption among public officials etc. Regulatory quality consists of indicators related to the regulations of exports, imports, business ownerships, equities ownerships, banking, foreign investment, price controls, tariffs, unfair competitive practices etc. 
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